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Proceedings: Second International Conference on Case Histories in Geotechnical Engineering, June 1-5, 1988, St. louis, Mo., Paper No. 6.54

Common-Sense Foundation Design
Sven Hansbo
Professor of Geotechnical Engineering, Chalmers University of
Technology, Gothenburg, Sweden

SYNOPSIS:
In this paper, two case records are presented as an illustration of the advantages of
using what one might call "common sense" foundation design.
The first case is an illustrative example of the detrimental effects on older buildings that
can be caused by traditional piling in non-cohesive soil. The possibilities of avoiding damage by
application of a less rigid foundation design method are discussed.
Thus, having access to more
sophisticated soil investigation methods than those originally used, it can be shown that a mixed
foundation, partly on settlement reducing piles and partly on shallow footings would have been
possible.
The concept of settlement reducing piles means that the length and number of piles in
the pile groups are chosen with a view to eliminating settlement differences between piled and
unpiled foundations.
Using this solution, the part of the new building nearest to the older ones
would have been founded on shallow footings, which would have meant both a considerable reduction
of damage to the older buildings and considerable savings in foundation costs.
The second case record is presented in support of the design method suggested. The subsoil
conditions under the building in this case are very similar to those in the first case. Here, on
the basis of more developed soil investigations methods, it was decided to found the building
partly on settlement reducing piles and partly on shallow footings. To keep a check on the result,
the building was monitored with settlement gauges. The results of the settlement observations
showed excellent agreement between prediction and performance.
INTRODUCTION

is particularly true in cases where the subsoil
consists of non-cohesive soil. In these cases,
soil investigations generally only consist of
different kinds of sounding, such as SPT, CPT,
or the like, and (but not always), the taking of
disturbed
samples
for
soil
identification.
Unless the geotechnical characteristics of the
soil can be directly evaluated from the sounding
resistance, on the basis of well-documented
local experience, then the uncertainties involveo are so great that the choice of pile
foundations is only natural.

In urban renewal work new buildings often have
to be founded at a much deeper level than older
buildings in their immediate vicinity. These
older buildings may be considered to be valuable
for historical or other reasons and must therefore be protected against damage in the best
possible way during the construction of new
buildings. This can create difficult foundation
problems
which
may
require
unconventional
solutions. This is undoubtedly true in cases
where the choice of foundation method has a
great influence on the preservation of the
nearby buildings.

Since pile driving, as pointed out, often does
very considerable damage to nearby buildings it
should therefore be avoided whenever possible.
How then is this goal to be achieved?
The
traditional design of pile foundations whereby
the total load of the building is assumed to be
carried by the piles alone is undoubtedly the
foremost obstacle that has to be overcome.
In
this type of design the piles are assumed to act
as columns, and, to avoid settlement, a high
safety factor against pile failure is applied.
This, of course, entails hard pile driving to
great depths. Moreover, since the settlement of
pile foundations is believed to be negligible, a
combination of piled and unpiled foundations is
not considered to be safe and sound.

Old buildings are usually founded at shallow
depth and are therefore very sensitive to any
kind of construction work causing disturbance at
great depth in the subsoil. However, in order to
make sure that the new buildings will not suffer
damage by differential settlement, or by future
building activity, the designer often decides on
pile foundations irrespective of whether this is
required or not. If piles are required in one
part of the building, then the whole building
will be placed on piles. It would appear that
there is a belief that the safety of a building
against damage is hazarded if part of the
building is founded on piles while the other
part is founded on shallow footings.

The insight which has been gained into modern
foundation design somehow seems obviously to be
forgotten as soon as piling comes into the
picture. Much could be gained if only the
principles of geotechnical engineering applied
in other connections, e.g. in the design of

This attitude is of course based on the difficulties experienced in settlement prediction.
The soil investigations carried out may not form
a reliable basis for settlement prediction. This
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shallow foundations, were also applied in
connection with piling. Some examples of this
were demonstrated by Hansbo (1984), Burland
(1986), Kasali et al. (1987) and Peaker et al.
(1987).
In the following, an example of the damage
caused by pile driving in non-cohesive soil will
be given. The possibility of using shallow
foundations in combination with deep foundations
(on piles) , will be discussed- a combination
which is less harmful to the surrounding buildings. In support, another case record will be
presented where the subsoil conditions are quite
similar. In this latter case pile foundations
and shallow foundations were used in combination. Settlement prediction and performance were
in good agreement.
CONVENTIONAL PILED FOUNDATIONS
Fig. 2.

Buildings in the Overkikaren block
A number of new buildings, Fig. 1, were to be
erected in the Overkikaren block, which is
situated in the centre of Stockholm on the
southern embankment of Lake M!laren. The buildings considered in this report are designated B
and C, Figs 1-2.

Site plan of the new buildings. Broken
lines indicate bed-rock level, broken
and dotted lines indicate level of
upper surface of natural esker material.

The soil investigation for Building B consisted
of Swedish weight sounding and ram sounding.
Because of strong variations in sounding resistance, the consultant decided that foundation
on piles should be used in the part of the
building underlain by esker material, and that
the pile tips should be carried down to bedrock.
Building c
The ground level before excavation varied
between maximum +12.6 in the south and minimum
+5.5 in the north. Within the main part of the
building, the ground level was between +10.0 and
+12.6.

Fig. 1.

The soil investigation for Building C consisted
of weight sounding (5 boreholes), ram sounding
(14 boreholes) and CPT (5 boreholes). Disturbed
soil samples were taken in 7 boreholes for soil
identification. After excavation the first soil
investigation was supplemented by another set of
weight and ram soundings and soil sampling for
soil identification. The main purpose of the
soil sampling was to identify the interface
between fill and natural esker material.

Architectural layout of the new buildings in the Overkikaren block.

The buildings are situated on the esker which
passes through the central parts of Stockholm.
The esker material at the site consists of sand
and gravel of varying relative density and
stratification. Its surface level is indicated
in Fig. 2. In connection with previous building
activity it had been filled up with different
kinds of material, partly organic, and unsuitable for building purposes. The bedrock level is
given in Fig. 2.
The groundwater level is
subjected to annual variations from around -0.8
to +0.5.

As in the case of Building B, there were large
variations in sounding resistance, indicating
great differences in the relative density of the
soil. The lowest resistance was obtained just
below the groundwater table. An example of the
.results of the soil investigation (Section I-I,
Fig. 2) is given in Fig. 3. The results of the
CPT, which perhaps best reflect the firmness of
the soil, also show great variation in penetra- ·
tion resistance. The lowest point resistance,
obtained in two boreholes in the sand layers
just below the groundwater table, is 2-4 MPa
(the lower value probably due to nearby driving
of two casings) •

Building B
The ground level before excavation varied
between maximum +20 m in the south and minimum
+10.5 m in the north. Around 60\ of the building
area was at level +19.9 m. The foundation level
of the building (basement floor leve~ +3.0) is
below bed-rock surface in its southernmost part
while in its northernmost part the depth to
bed-rock is around 22 m.

With the chosen basement floor level (+3.0),
approximately 20\ of the basement area in the
northernmost part of the building was underlain
by fill material. In this area foundation on
piles was undoubtedly required. For the remain-
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ing part, a settlement analysis carried out by
the consultant on the basis of empirical correlations between compression moduli and sounding
resistance (:Bergdahl and Eriksson, 1983), gave
an estimated settlement of shallow footings of
12-13 em. Since such a large settlement would
lead to unacceptable distortion between the part
of the building on piles and the part on shallow
footings, it was decided that the whole building
should be founded on conventional driven piles.
As a result, 382 precast concrete piles were
driven to an average depth of 24.5 m.
e
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Fig. 3.

settlement of the old houses took place. However, the most serious trouble was met with due
to the pile installation. House 1 tilted to the
north, towards Building C, and House 19 to the
north-west. Wide cracks opened up, Fig. 5, and a
column in House 19 was sheared off which led to
the collapse of the concrete roof, Fig. 6, just
after the end of a meeting in the room in
question. Settlement observations showed that
the northwest corner of House 19 had settled
about 13 em vertically and had moved about 3 em
horizontally in an outward direction, Fig. 7.
Most of the settlement was obviously caused as a
result of reorientation of grains into a denser
state (compaction of loose esker material) by
vibrations and soil displacement during pile
driving.

- - - --fl.f-30

Results of soil investigation
(ram
sounding and weight sounding) along
Section I-I, see Fig. 2. Shaded area
represents fill material.

Damage caused by piling
In the immediate vicinity of Buildings B and C
there were two existing houses of great historical and architectural interest. They were
founded on shallow footings and their basement
floor levels were +7.1 (House 19, Fig. 2) and
+10.0 (House 1, Fig. 2). Due to the installation
of a sheet-pile wall south of Building C, and
installation of bored piles west of Building B
(Fig. 4) prior to and during excavation, certain

Fig. 4.

View of supporting bored pile wall
against House 19, w·est of Building B.
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Fig. 5.

Cracks in the western fa~ade of House
19 caused by settlements due to piling.

Fig. 6.

Remainders
of concrete
roof which
collapsed after a supporting column had
been sheared off.

1984

Now, a settlement analysis based on the results
of the pressuremeter tests (cf. Baquelin et al.,
1978) shows that a mixed foundation partly on
shallow footings and partly on piled footings
would have been possible. Piled footings would
only have been required where the foundation
level was in fill. Choosing the foundation level
tO, and a permissible average ground pressure
for the footings of 0.3 MPa, settlements were
calculated to vary between 0.02 and 0.03 m. In
the settlement calculation, the pressuremeter
moduli at stresses below the preconsolidation
pressure (re-bound values) were assumed to be 3
times the measured "virgin" values and a values
applicable to overconsolidated soil were chosen.
To minimize differential settlements between
unpiled and piled footings, the piles, according
to settlement analysis based on the pressuremeter results (cf. Sellgren, 1985), should not
be driven deeper into the esker material than 15
m. By choosing this foundation method a total
settlement of maximum 4 em and a maximum differential settlement of less than 2 em could be
expected. These settlements would have been
quite acceptable. As a result, the compaction
effects on the esker material underneath Houses
1 and 19 would have been considerably reduced.
Moreover, apart from the lesser risk of damage
to the adjacent buildings, the mixed foundation
suggested would have resulted in considerable
saving in foundation costs.

1985
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Fig. 7.

Settlements of Houses 1 and 19 during
foundation work for Buildings B and c.

COMMON SENSE FOUNDATION
Buildings in the Overkikaren block

Sollentuna hospital

Knowing the result, one is forced to
ask
oneself if the choice of foundation method was
well-founded. Above all, no investigation of the
deformation properties of the natural esker
material had bee~ carried out and, consequently,
a very conservat1ve settlement analysis was made
on an empirical basis. Moreover, no regard was
paid to the positive influence on settlement of
unloading due to excavation. As shown by Jamiolkowski et al. (1985), the correlation between
sounding resistance and deformation moduli in
sand is very much dependent on the overconsolidation ratio.

The mixed type of foundation suggested above for
Building C in Overkikaren had already been
carried out in a previous project, the Sollentuna hospital, Fig. 8. The subsoil conditions on
the site of this hospital are very similar to
those prevailing at the site of Building C, with
the exception that in part of the building area
the esker material is covered by clay instead of
fill, Fig. 9. The maximum thickness of the clav
layer wedging into the building area from the
south is 5-8 m. Its undrained shear strength
varies between 10 and 30 kPa. The esker material
consists mainly of sand. Typical results obtained outside and inside the clay area are
given in Fig. 10.

For Building B unloading due to excavation
caused a stress release of between 0.20 and 0.35
MPa. There is therefore no doubt that foundation
of Building B on shallow footings would have
been possible. To minimize differential settlement, overblasting of the bed-rock in the part
of the foundation area with exposed bed-rock
surface could have been carried out as an extra
safety measure.

With the chosen basement floor level +23.5 it
was no doubt necessary to found the part of the
hospital underlain by clay on piles. Then, from
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More interesting, however, is the question as to
what possibilities existed for using another
type of foundation for Building C which would
have been less dangerous for the adjacent
buildings. To investigate this, pressuremeter
tests were later carried out in two boreholes,
one immediately east and the other immediately
west of Building C. In order to be able to
correlate the pressuremeter values with the
sounding resistance in the original investigation, weight sounding was also carried out in
the immediate vicinity of the pressuremeter
holes. The weight sounding results in these new
boreholes were very similar to those previously
obtained,
and therefore, the pressuremeter
values can be considered as being representative
of the original soil conditions.

The Sollentuna Hospital

I

•

...
II

the traditional point of view, due to fear of
detrimental
differential
settlement,
piled
foundations would have been considered as being
the most natural choice for the whole building,
including the part resting on non-cohesive soil.
However, a settlement analysis based on the
pressuremeter results showed that it was possible to use a mixed foundation, partly on
shallow footings and partly on piled footings.
With the aim of minimizing the differential
settlements between piled and unpiled footings a
limit was set to the depth of pile driving into
the sandy esker material.
For example,
meter tests
driven pile
0.275x0.275
failure load

using the results of the pressureshown in Fig. 10, we find for a
with a cross-sectional area of
m2 driven 5 m into the esker, a
of (cf. Sellgren, 1985)

Pf= 5x4x0.275x0.080 + 2.7x2.2x0.275 2 = 0.9 MN
Fig. 9.

The settlement of the pile head can be estimated
from the relation (Sellgren, 1985)

Location of boreholes and site plan of
the Sollentuna Hospital. Dashed area
shows the clay layer wedging into the
hospital site.

p

s= a1-P/Pf
~1here

a~

1 1+(S/6E b)tanh(61)
13-r(6Epb)tanh(61)

b

f-r,-,--,--:;5 MPa

13= 18Epr/(1+vs)
Inserting

elastic modulus of pile

=

= 30.000 MPa

we find

width of pile = 0.275 m
length of pile in gravel = 5 m
pressuremeter modulus= 17 MPa
Poisson's ratio of soil = 0.3
0.007 rnrn/MN

Consequently, the settlement under a load of 450
kN can be estimated at 6 rnrn.
For a square footing with 2. 5 m width 1 founded
at 1 m depth, the settlement can be calculated
from the relation (Baguelin et.al., 1978).
s= 1. 12 _g_ {1.2(1.1x2.5/0.6)
.9
Epr,d

+

.j.

1.1x2.5} m
3Epr,i

Inserting Epr'd
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pressuremeter modulus in zone
governed by deviatoric stress
condition = 15 MPa
Epr'i
pressuremeter modulus in zone
governed by isotropic stress
condition = 12 MPa
we find for an average ground pressure of
0.5 MPa (safety against failure around 3) a
settlement of 11 rnrn.

MPa

p

+20

For the suggested foundation and the actual
loading
conditions,
a
maximum
differential
settlement of 10 rnm and a maximum total settlement of 15 rnrn was predicted. 70% of the settlement was assumed to take place during the
construction period.

p

10 kN

In order to persuade the client to accept what
he thought would be an unsafe and untried type
of
foundation,
the
building was
carefully
monitored with settlement gauges. If some large

Fig. 10. Typical results of CPT soundings (total
of point resistance and skin friction)
and M~nard pressuremeter tests.
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deviations from prediction should arise, then
these could be blamed on the consultant. The
settlements were followed up during the construction of the building and also for a subsequent period of 2 years. At the end of that
time, settlement seemed to have terminated. The
final settlements are given in Fig. 11. The
results of settlement observations show very
good agreement with prediction. From the end of
the construction period until 2 years later the
average relative increase of settlement was
about 38% (from about 20% to about 80%).
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The first case record presented in this paper
shows the detrimental effects on nearby buildings that can be caused by pile driving. It also
shows that most probably a foundation which was
both more economical and less likely to cause
damage to nearby buildings would have been
possible -had more sophisticated soil investigations been carried out in order to determine
the deformation characteristics of the soil.
The second case record is an example of a
successful application of a mixed foundation,
partly on shallow footings and partly on pile
footings where the piles were designed in such a
way so as to minimize differential settlement.
It also shows that acceptable agreement between
prediction and actual behaviour can be obtained
provided that the in-situ deformation characteristics of the subsoil have been satisfactorily
investigated.
The moral: continue to use your geotechnical
know-how and common sense even when piling comes
into the picture.
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